A Domestic Shorthaired cat was presented with coughing and severe respiratory distress. Thoracic radiographs revealed a lobar mass and numerous additional cavitated intrapulmonary masses. The cat was euthanized and submitted for necropsy. Histological examination of the large mass revealed 2 distinct neoplastic components consisting of bronchial adenocarcinoma admixed with neoplastic areas composed of highly atypical undifferentiated spindle cells (sarcomatous component). Simultaneous expression of vimentin and cytokeratin by a subpopulation of neoplastic epithelial cells and by rare neoplastic spindle cells was identified. On the basis of histology and immunohistochemical results, a diagnosis of primary pulmonary carcinosarcoma with intrapulmonary epithelial metastases was made. Pulmonary carcinosarcoma is a well-known pathological entity in humans. It is a rare tumor in animals and has not been previously reported in cat.
A 7-year-old neutered male shorthaired cat was presented to a private veterinary clinic with 1-week history of coughing and difficult breathing. Thoracic radiographs identified a left caudo-dorsal mass and multiple parenchymal cavitated nodules. Hematological abnormalities included mild neutrophilia (13,550 cells/ l; reference interval 2,500-12,500 cells/l) and thrombocytopenia (1.5 ϫ 10 5 cells/l; reference interval 3-8 ϫ 10 5 cells/l). Clinical chemistry and urinalysis were unremarkable. Because of extensive disease, the cat underwent palliative therapy. After 1 week, the animal's condition deteriorated rapidly, and the cat was euthanized at the owner's request.
Necropsy findings included a white-gray, firm, markedly necrotic, lobar mass (4 ϫ 3 ϫ 3 cm) in the caudal left lung lobe. Numerous, small (2-10 mm in diameter), white-gray nodules, with occasional central cavitation, were scattered throughout all lung lobes. No pleural or other gross lesions were detected. Samples were obtained for cytology by scraping the nodular pulmonary lesions. Samples from lungs, thoracic lymphnodes, heart, kidneys, urinary bladder, liver, pancreas, spleen, gastrointestinal tract, mesenteric lymphnodes, brain, and spinal cord were collected for histopathology.
Cytological examination revealed a highly cellular sample composed of a pleomorphic population of large, round, cohesive epithelial cells. Abundant necrotic debris was present in the background. spindle cells, which were initially considered as reactive fibroblasts, were also present. A cytological diagnosis of adenocarcinoma was made.
Microscopic findings of the large mass were characterized by 2 distinct epithelial components and a mesenchymal component. The epithelial portion of the tumor was organized in lobules composed of tubular and acinar structures embedded in scant to moderate amount of fibrous stroma (Fig. 1 ). The neoplastic cells were large (40-70 m) and cuboidal to columnar with moderate amounts of granular vacuolated cytoplasm. The nuclei were large (15-50 m), round to ovoid, and euchromatic to hyperchromatic with 1-2 prominent nucleoli. Multifocal areas of squamous metaplasia were observed ( Fig. 2 ). There were 2-5 mitoses per high-power field (400ϫ). These findings were consistent with a moderately differentiated bronchial adenocarcinoma. The adenocarcinoma represented approximately 70% of the mass that irregularly blended into a sarcomatous component (Figs. 3, 4) . The mesenchymal component consisted of interwoven sheets and bundles of large (80-100 m), spindle-shaped cells with pale, scant to moderate amounts of cytoplasm. Nuclei were oval with 1-2 distinct nucleoli. Cytological atypia of the spindle-shaped component varied from mild to marked with anisocytosis, anisokaryosis, high nuclear-cytoplasmic ratio, irregular nuclear shapes, including notches, indentations, irregularly distributed coarse chromatin, and angular nucleoli. There were 0-2 mitoses per high-power field (400ϫ), and mitoses were frequently atypical. Atypical, multinucleated giant cells were also present ( Fig.  5 ). Additionally, the larger areas composed of these spindle-shaped atypical cells showed central areas of necrosis. All these findings were consistent with a malignant undifferentiated sarcoma. The multiple neoplastic nodules that disseminated throughout the lung were diagnosed as adenocarcinomas, with characteristics similar to those of the epithelial component of the larger mass. No sarcomatous areas were present in the smaller masses. Neoplastic epithelial emboli in blood, in lymphatic vessels, and in cortical sinuses of thoracic lymphnodes were observed.
Histological sections were stained by immunohistochemistry. The panel of antibodies used and the results are summarized and scored in Table 1 . Neoplastic epithelial cells had a strong and diffuse cytokeratin positivity, although in some areas many cells had also vimentin positivity (Fig. 6 ). Neoplastic spindle-shaped cells were consistently positive for vimentin, and a faint expression of cytokeratin was detected occasionally in this cell population (Fig. 7) . On the basis of histological and immunohistochemical findings, the tumor was diagnosed as a carcinosarcoma.
Primary pulmonary tumors are uncommon in cats with an estimated annual incidence of 2.2 cases/ 100,000 cats. 1, 3 In domestic animals, primary pulmonary tumors can arise from most tissues present in the lung, although the vast majority have an epithelial origin.
The mean age of cats developing primary pulmonary neoplasia is 11 years, 3 whereas in the present case the cat was younger (7 years). Adenocarcinomas and bronchioloalveolar carcinoma are the most frequent histological tumor types documented in cats, 1, 3, 4, 13 whereas the occurrence of mesenchymal tumors is rare. 1, 4, 7, 15 Carcinosarcoma is a malignant tumor containing both carcinomatous and sarcomatous elements. 4 Primary pulmonary carcinosarcoma is rare in humans, 19 extremely rare in animals, 4, 16 and may not have been previously reported in cats. This case shared similarities with pulmonary carcinosarcoma described in humans. 21 Histological evaluation demonstrated a coexistence of malignant epithelial and mesenchymal cells within the same mass. In human lung carcinosarcoma, the most frequent epithelial component is squamous cell carcinoma, 2 and multinucleated giant cells are described in the sarcomatoid component. 2, 14 In this case, multifocal areas of squamous metaplasia were observed, and atypical multinucleated giant cells were part of the sarcomatous area.
Immunohistochemistry is considered an important tool for the diagnosis of carcinosarcomas to identify heterologous cellular elements in the tumor. 2 In the present case, the malignant biphasic component was clearly identified by morphology and immunohistochemistry, which confirmed a clear distinction between the carcinomatous component with intense cytokeratin positivity and the spindle-shaped cellular component that was mainly negative for cytokeratin and vimentin positive. Immunohistochemical results demonstrated the expression of vimentin in numerous epithelial cells of the keratin-positive carcinomatous part of the tumor. The expression of vimentin by epithelial neoplastic cells is not an unexpected finding; this is commonly observed in different types of adenocarcinomas, 11, 12 including pulmonary adenocarcinomas. 20 The presence of occasional spindle-shaped cells with cytokeratin positivity indicated an epithelial origin of these cells and was interpreted as the spindle-shaped-cell carcinoma component. This component has been reported in several tumors, including carcinosarcoma, and could be ascribed both to an epithelial or mesenchymal undifferentiated origin. 2 The distribution and the histological appearance of the multiple nodules suggested that these lesions were intrapulmonary metastases of the malignant epithelial component from the larger nodule. Intrapulmonary spreading of primary lung tumors is a well-documented phenomenon in humans and has been included in the staging procedure and prognosis of human lung cancer by the American Joint Committee on Cancer. 5 Intrapulmonary metastases may spread at sites peripheral to the primary lesion or in ipsilateral lung lobes through lymphatic vessels. 5 In humans, adenocarcinoma is the most common tumor with a tendency to form intrapulmonary metastases. 6 Moreover, in some cases of human bronchial adenocarcinoma, intrapulmonary metastases are characterized by cavitation, as was observed in this cat. 10 In human lung neoplasia, carcinosarcoma metastatic lesions can be mixed, sarcomatous, or carcinomatous. 2 In a case of primary lung carcinosarcoma in a dog, the metastatic pattern was either carcinomatous or, less frequently, sarcomatous. 16 In this cat the metastatic lesions and the neoplastic emboli were of epithelial origin.
Despite several studies, the embryological origin of pulmonary carcinosarcoma is still not completely understood. Two main hypotheses have been formulated. The first theory suggests the simultaneous occurrence of 2 distinct, epithelial and mesenchymal tumors that blend together (collision tumors). 21 The second hypothesis theorizes that carcinosarcomas represent a primary epithelial malignancy that undergoes divergent differentiation, acquiring vimentin expression and spindle shape. 8, 17, 18, 21 The histological and immunohistochemical findings from the present case further support this latter theory.
Differential diagnoses of carcinosarcoma include pulmonary blastoma, a rare primary malignant tumor containing both epithelial and mesenchymal components. However, histologically, pulmonary blastoma is easily distinguishable from carcinosarcoma for its striking resemblance to fetal lung. 4, 9 Moreover, the negativity of epithelial cells for vimentin and the lack of cytokeratin positivity in all mesenchymal cells of the pulmonary blastoma clearly differentiate it from carcinosarcoma. 9 
